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Presentation Outline 
•  Introduction; 
•  Conceptual presentations of ships energy systems 
•  Energy efficiency operational and maintenance 
measures; 
•  The role of ships’ crew in energy efficiency; 
•  The energy efficiency measures in the maritime 
sector in Bangladesh;   
•  Conclusion 
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Conceptual presentations of ships energy systems 
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Variables affecting energy efficiency 
Source: Pedersen (2009) 
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Typical distribution of energy losses 
Source: Second IMO GHG study, 2009 Kabir|macademy|bd 
Improvement areas	
 
The improvement areas can 
be grouped under four main 
categories i.e. 
      - Ship design; 
      - Propulsion; 
      - Machinery; and  
      - Operation and maintenance. 
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Energy Efficiency Operational Measures 
•  Turn-around time in ports; 
•  Ship speed optimization; 
•  Weather routing, voyage planning and just in time arrival; 
•  Trim, draft and ballast optimization; 
•  Auto pilot improvements; 
•  Efficient use of engine; 
•  Engine performance monitoring; and 
•  Effect of Fuel Quality. 
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Turn-around time in port 
 
•  Improved manoeuvring performance; 
•  Innovative lifting arrangements; 
•  The optimum solutions that match ship and port 
requirements. 
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Can reduce energy consumption up to 10% (WÄRTSILA, 2009) 
Ship speed optimization 
	
•  The propulsion power vs. ship speed is a third power 
relationship. 
                    Shaft Power∞Speed3 
 
•  This means that by 10 percent slowing down the engine 
from rated speed, vessel can save approx. 25 percent in 
fuel for a particular voyage. 
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Benefits of ship speed reduction 
 
Reduction in ship speed vs. 
saving in total energy 
consumption: 
• 0.5 kn –> – 7% energy 
• 1.0 kn  –> – 11% energy 
• 2.0 kn  –> – 17% energy 
• 3.0 kn  –> – 23% energy 
 
WÄRTSILA  (2009) 
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Weather routing and voyage planning  
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•  An estimated $18,000 per ship is required to install and 
keep the software up to date and get the latest weather 
information (DNV-GL,2016).  
•  The potential has been assessed to between 0 – 5%  
(DNV-GL, 2016). 
•  Benefit from less fatigue and weather damages. 
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Trim, draft and ballast optimization 
 
12	
 
•  The optimum trim should be achieved either by 
repositioning the cargo or rearranging the bunkers.  
•  Optimum placement of containers on deck accounts for 
overall aerodynamic form; 
•  Optimization of reefer container stowage locations. 
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Benefits from reduced ballast and trim 
Optimal vessel trim reduces the required power and fuel 
consumption up to 5% (WÄRTSILA, 2009).  
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Auto pilot improvements 
The correct parameters or 
preventing unnecessary use of 
the rudder gives an anticipated 
benefit of up to 4% for all 
ships(WÄRTSILA, 2009). 
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Efficient use of Main Propulsion engines 
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•  Ships to sail with constant RPM instead of continuous 
changing the engine power.  
 
•  System automated engine management is much useful 
than human intervention.  
 
•  The optimum setting of tuning of main engine reduce the 
fuel consumption by up to 1% (IMO, 2009). 
Engine performance monitoring 
Increase in Pmax with fixed analyzer and electronic controls 
ABS(2016) 
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Effect of fuel quality on specific fuel consumption 
Serial 
no. 
Causes  Effects 
1. Water content 1% water in the fuel increases fuel  
consumption by 1% 
2. Fuel sulphur content For every 1% increase of Sulphur in the fuel  
SFOC increase 1.5 g/kWh 
3. Fuel ash content For every 0.10 % of ash content in the fuel 
SFOC increase 0.2 g/kWh 
Source: Wärtsila (2013) Kabir|macademy|bd 
Energy saving operation awareness	
•  Shipping companies may consider creating a culture of 
fuel saving among the company’s vessel and provide 
incentives to the deserving vessel and concerned 
personnel. 
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Energy efficiency from maintenance perspective 
•  Main Propulsion system maintenance; 
•  Auxiliary Engines’ load management;  
•  Steam plant operation improvement; 
•  Auxiliary machinery utilization management; 
•  Energy efficient lighting system; 
•  Hull roughness management; and 
•  Propeller roughness management. 
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Maintenance Methods 
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Condition based Maintenance 
Correctly timed service will ensure optimum engine performance and improve 
consumption by up to 10% (WÄRTSILA, 2009) 
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Effect of equipment condition on SFOC 
Serial 
no. 
Causes Effects 
1. Turbocharger: partly blocked or 
dirty nozzle ring 
Increased fuel consumption ~3gm/kWh 
2. Dirty intake air filters Increased consumption ~2gm/kWh 
3. Partly blocked charged air 
coolers 
Increased consumption ~2gm/kWh 
4. Worn injection pump elements Increased fuel consumption ~5gm/kWh 
5. Worn injection nozzles Increased fuel consumption ~2gm/kWh 
6. Increased exhaust gas back 
pressure 
Increased fuel consumption 0.3gm/
kWh 
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Auxiliary Engines’ utilization management 
 
•  Low load increases the risk of turbine fouling with a 
further impact on fuel consumption. 
 
•  By the use of electronic Power Management System 
(PMS), prolong operation of two engines at low loads 
can be eliminated 
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Power Management System can reduce energy 
consumption up to 5%  
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Steam plant operation improvement	
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•  Avoiding fouling on the water and gas side;  
•  Not to start boiler too far in advance of intended use;  
•  Maximization of the use of economizer;  
•  Steam pipes insulation to be kept in good order;  
•  Identification and stopping of steam leakages; 
•  To keep fuel temperature in fuel tanks at a acceptable 
lower levels; and  
•  Avoiding overheating in cargo tanks. 
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The reduction potential for boiler consumption has been assessed to be 
up to 30% (DNV-GL, 2016). 
 
Auxiliary machinery utilization management	
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Cooling water pumps, speed control <1% (WÄRTSILA,  2009) 
•  Air condition and Refrigeration; 
•  Lighting in accommodation;  
•  Working in Galley; 
•  Ships laundry equipment 
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Energy efficient lighting system	
	
•  The total energy consumed for lighting on cargo ship is 
estimated to 5%; while for passenger ships are up to 10%. 
 
     Improvement methods: 
•  Low energy halogen lamps; 
•  Fluorescent tubes; 
•  LED lights;   
•  Electronically controlled systems for dimming; 
•  Automatic shut off etc. 
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Benefit from energy saving lighting 
      
 
 
     $100,000 is required to 
install new technology in 
lighting which has the 
reduction potential up to 
3% of the total auxiliary 
engine consumption 
(DNV-GL,2016).  
 
WÄRTSILA  (2009) 
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Benefits from hull cleaning 
•  Cleaning a light slime can yield 
up to 7 to 9 percent reduction 
in propulsion fuel consumption 
(ABS, 2013).  
•  Frequent cleaning of the hull 
can reduce fuel consumption 
up to 3% for tanker, 2% for 
container, for Ferry 2% and for 
OSV 0.6%. (WÄRTSILA, 
2009). 
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WÄRTSILA  (2009) 
Benefits from hull surface coating 
    A high quality coating can 
yield an average 
reduction up to 3 to 4 
percent in propulsion fuel 
consumption (ABS, 
2013).  
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WÄRTSILA  (2009) 
Benefit from Propeller roughness management 
     Divers can clean a 
propeller in about 3-4 
hours for a cost of $3,000 
in the Far East and 
$6,000 in the Europe 
(ABS, 2013).  
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WÄRTSILA  (2009) 
Total saving from operation and maintenance 
Serial 
no. 
Measures % Saving 
1. Turn around time in port 10% 
2. Ship speed reduction 23% 
3. Weather routing, voyage planning  and just in 
time arrival 
10% 
4. Reduced Ballast 7% 
5. Optimum trim 5% 
6. Auto pilot upgrade 4% 
7. Efficient use of engine 1% 
8. Fuel quality 1% 
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Total saving in fuel consumption……. 
Serial 
no. 
Measures % saving 
9. Condition based maintenance 5% 
10. Auxiliary engine load management 5% 
11. Steam plant operation improvement 30% 
12. Auxiliary machinery and equipment utilization 1% 
13. Energy efficient lighting system 1% 
14. Hull roughness management and coating 8% 
15. Propeller roughness management and coating 10% 
It is seen that up to 30% reductions in fuel costs 
is possible by utilizing all these potential 
strategies.  
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The role of ship crew in energy efficiency 
•  The ship's personnel are responsible for optimum 
operation of the ship including voyage planning, optimal 
weather routing, trim, autopilot use, cargo and ballast 
operations. 
•  They are also responsible for on-board maintenance. 
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The role of ship crew in energy efficiency 
Serial 
no. 
Position  Role 
1. Master Ship operations and personnel management 
2. Chief engineer  Operation and maintenance of engines, boilers and 
auxiliaries 
3. Chief Officer Cargo operations, ballast and trim optimization and 
aspects of hull and propeller maintenance 
4. Second Engineer The most engaged person in the day to day engine 
room including maintenance activities 
5. Other crew 
members 
Significant contribution through operation and support 
role. 
Kabir|macademy|bd 
 
Energy efficiency operational measures summary 
 
Serial 
no.  
Efficiency improvement 
measures 
Implementing method Responsible 
person 
1. Turn around time in port 
 
Improved manoeuvring 
performance 
Master 
2. Ship speed optimization 
 
Selecting the optimum speed 
 
Chief Engineer 
3. Weather routing, voyage 
planning and just in time arrival   
Selecting the optimum route 
 
Master 
4. Trim, draft and ballast 
optimization 
Selecting the optimum trim, 
draft, ballast 
Chief Officer 
5. Auto pilot improvements Finding the correct autopilot 
parameters  
Master 
6. Efficient use of engine 
 
The automated engine 
management to regulate speed  
Chief Engineer 
7. Engine performance monitoring Automated engine performance 
monitoring 
Chief Engineer 
8. Effect of Fuel Quality Fuel with less water content, 
higher calorific value and less 
sulphur content 
Chief Engineer 
 
 
Energy efficiency maintenance measures summary 
 Serial 
no. 
Efficiency improvement 
measures 
 
Implementing method 
 
Responsible 
person 
 
1. Main Propulsion system 
maintenance 
Condition Based Maintenance Chief Engineer 
2. Auxiliary Engines’ Load and 
utilization management  
Power Management System Chief Engineer 
3. Steam plant operation 
improvement 
Minimization of heat loss Chief Engineer 
4. Auxiliary machinery utilization 
management 
Minimization of running hours Chief Engineer 
5. Energy efficient lighting 
system 
 
Low energy halogen lamps, 
fluorescent tubes and LED 
lamps. 
Chief Engineer 
6. Hull roughness management 
and hull coating 
Hull cleaning, High quality 
coating 
Chief Officer 
7. Propeller roughness 
management  
Propeller polishing and coating Chief Officer 
Energy efficiency measures 
in the maritime sector in Bangladesh 
Serial 
no. 
Projects Contribution in energy efficiency 
1. Establishment of deep 
sea port at Sonadia 
Ship’s waiting time in anchorage and port 
stay will be shortened.  
 
2. Full operation of the 
Payra sea port  
Will reduce the cargo congestion in 
Chittagong port. 
 
3. Establishment of a 
LNG terminal in 
Maheshkhali. 
 
Will have a huge contribution in energy 
efficiency through the use of alternative fuel. 
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Deep sea port at Sonadia will enhance energy efficiency in 
the South-East Asian countries 
Master Plan 
Regional connectivity 
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Potential areas for enhancement of energy efficiency 
Serial 
no. 
Potential improvement area 
1. Solar thermal and photovoltaic application: The period of bright sunshine 
hours in the coastal region of Bangladesh varies from 3 to 11 hours a 
day.  
2. Shore power supply at the Chittagong/Mongla port during the berth stay 
period. 
3. Wind mills for power generation: The southern coastal belt of 
Bangladesh has wind speed between 3 to 4.5 m/s for the months of 
March to September and 1.7 to 2.3 for remaining period of the year.  
4. MET institutions: To include Maritime Energy Management in the 
curriculum 
 
5. Department of Shipping: To make and enforce necessary rules in order 
to enhance the maritime energy management in inland water vessels. 
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Example from Tokyo International  container terminal 
Area 1,634.21m2 → 1,200 solar panels  
Generation capacity 200 kW 
Annual output 185,398 kWh 
Environmental 
contribution 
Carbon dioxide reduction: 128.09 t - CO2/year 
Crude oil reduction volume: 45,000 liters/year 
Conversion to forest area: 358,700m2 
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Solar power system in Tokyo 
International container terminal  
Inland Water Transport Vessels in Bangladesh 
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Suggested measures 
in the IWT sector in Bangladesh 
Serial 
no. 
Fuel saving means Technologies and concepts  
1. Conventional 
technologies and 
concepts  
1. Optimization of the IWT operations;  
2. Minimizing the resistance of hulls;  
3. Adapting fairways to accommodate optimum 
ship size and shape.  
2. Advanced ways of 
improving fuel 
efficiency  
 
1. Advanced, low-resistance ship design;  
  
3. Use Concentrated 
Natural Gas (CNG) as 
fuel 
 
More environmentally friendly and can reduce 
sulfur oxide (SOx) and carbon dioxide (CO2) 
emissions.  
Kabir|macademy|bd 
Assessment of suggested measures  
 
Means   Costs   Savings 
 
 
Environmental  
Impact 
Safety 
 
 
 
Optimizing 
operations  
Low   Low  
 
      ✓   ✓ 
Minimizing resistance  Low to 
moderate 
 
Low/ 
Moderate 
 
 
✓ 
 
 
✓ 
Propulsion systems 
and steering gear 
 
Moderate to 
high   
Moderate to 
high   
  
✓ 
 
 
✓ 
Adapting fairways 
 
Very high 
 
Potentially 
very high  
✓ ✓ 
Alternative fuels  Moderate Moderate to 
high  
✓ 
 
✓ 
 
Advanced low 
resistance design  
High  High  ✓ 
 
✓ 
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Conclusion 
•  Numerous examples have been cited on how to gain a 
significant achievement.  
•   Many of these measures appear to be cost effective 
•  Ship’s crew forms the most important part in ships 
operation and maintenance ,  
•  By acquiring adequate knowledge and expertise they 
may make huge contribution in energy efficiency.  
•  Bangladesh need to take many more initiatives to ensure 
energy efficiency in all aspects of shipping including port 
operations etc.  
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Thank	you	
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